One hundred forty-six 5-week-old cesarean-derived, colostrum-deprived (CDCD) pigs were inoculated intranasally with 1 of 9 US porcine reproductive and respiratory syndrome virus (PRRSV) isolates. Differences were found in severity of clinical respiratory disease, rectal temperatures ( P ≤ 0.001), gross lung lesions (P ≤ 0.001), and microscopic lung lesions (P ≤ 0.05). Gross lung lesions were generally most severe 10 days postinoculation and were distributed primarily in the cranial, middle, and accessory lobes and ventromedial portion of the caudal lung lobes. Mean gross lung lesion scores estimating the percentage of lung affected by 62.4% ± 5.7% (n = 10) for isolate ISU-28. Microscopic lung lesions were characterized by hyperplastic and hypertrophied type 2 pneumocytes, septal infiltration by mononuclear cells, and accumulation of necrotic alveolar exudate. Lymph node follicular hyperplasia and focal necrosis was seen with all 9 isolates. This CDCD pig model was useful for demonstration of significant differences in pathogenicity among US PRRSV isolates. This difference in pathogenicity may help explain the variation in severity of clinical disease observed in field outbreaks of porcine reproductive and respiratory syndrome and should provide for meaningful comparison of PRRSV genotypes.
simian hemorrhagic fever virus. Techniques for PRRSV isolation, 2, 7, 24, 49, 51 antigen detection, 13, 14, 17, 27, 29 serology 2, 30, 37, 50, 53, 54 and genomic RNA detection 32, 46 have been developed.
Disease has been experimentally reproduced with cell-culture-propagated virus by inoculation of pregnant female swine, 3,4, 26, 35, 47 gnotobiotic pig, 6,15,39,44 cesarean-derived, colostrum-deprived pigs, 16, 17 and specific-pathogen-free or conventional pigs. 15, 29, 42, 43, 48, 52 A limited number of PRRSV isolates have been used in these experiments with low numbers of pigs of different ages, breeds, health, and immune status. Thus, it has been difficult to compare the work of different research groups and to accumulate enough data to apply statistical analyses.
Experimental infection with PRRSV induces reproductive failure in mid and late gestation. 3, 4, 26, 35, 47 In neonatal and growing pigs, PRRSV induces inapparent respiratory disease, 6,11,42 mild respiratory disease, 29, 43, 52 or moderate to severe dyspnea and tachypnea. 15, 16 Currently, the most common clinical manifestations of PRRS in the midwestern USA are enzootic respiratory and systemic disease in 4-8-week-old pigs and reproductive failure in naive females introduced into enzootically infected breeding herds. 8, 9, 18, 23 Financial losses from epizootic or enzootic infections can be substantial. 40, 41 11 Table 1 . Profiles of swine herds from which 9 PRRSV isolates originated.
The objectives of experiment 1 were to develop a consistent model to study PRRSV-induced respiratory and systemic disease in 5-week-old pigs and to characterize the gross and microscopic lesions associated with the course of PRRSV-induced disease. The objective of experiment 2 was to use the established model to statistically compare the pathogenicity of plaquepurified PRRSV isolates that were chosen based on the varying severity of clinical signs and losses observed in the herds of origin.
Materials and methods

Source of PRRSV isolates
Live pigs or fresh tissues were received from 61 herds over a 3-yr period from 1991 to 1993. All submissions were for etiologic diagnosis of respiratory disease in pigs 1-16 wk of age. Some of the herds had concurrent reproductive failure, and some did not. The 9 selected herds differed in size, production style, age of diseased pigs, time since initial disease was observed, and severity of the current disease outbreak. Clinical information from the selected herds is summarized in Table 1 .
PRRSV was isolated from lung homogenates of the selected field cases. The lung homogenates were clarified (3,000 rpm, 4 C, 15 min) and filtered (0.22-µm membrane filter) and then inoculated onto fresh monolayers of ATCC CRL-11171 cells. 33 Virus isolates were plaque-purified 3 times on the same cell line. The isolates were confirmed as PRRSV by reactivity in the indirect immunofluorescent antibody assay with monoclonal antibody SDOW-17 directed against the nucleocapsid protein of the prototypic ATCC VR2332 US strain. 37 Inocula preparation Experiment 1. Confluent monolayers of ATCC CRL-11171 cells were inoculated with 3X plaque-purified viruses (VR2385, VR2431, ISU-22, ISU-984). Infected cultures were frozen and thawed 3 times when 60-80% cytopathic effect was observed. The frozen and thawed material was titrated and diluted to a final inoculation dose of 10 5.7 TCID 50 . Principal inocula consisted of all viruses propagated to the sixth passage in ATCC CRL-11171 cells. Cell control inoculum consisted of mock-infected ATCC CRL-11171 cell culture fluids that were processed in a manner identical to that used for virus fluids. All inocula were used at 5 ml/dose. Experiment 2. Inocula in experiment 2 were prepared as were those in experiment 1. Six plaque-purified isolates (VR2385, ISU-1894, ISU-51, ISU-28, ISU-79, ISU-55) were diluted to a final dose of 10 5.8 TCID 50 in 5 ml. Mock-infected ATCC CRL-11171 cell culture fluids served as control pig inoculum.
Source of pigs
Four-week-old cesarean-derived, colostrum-deprived (CDCD) pigs were purchased from a commercial laboratory. b These pigs were initially fed a commercial 22% protein pig starter containing spray-dried plasma protein for 7 days before switching to a second stage 18% protein corn-soybean meal-based ration for the duration of the experiment. Pigs were housed in 3.1-x 3.7-m concrete-floored, individually power-ventilated rooms,
Experimental design
Experiment 1. Eighty-four 4-wk-old crossbred CDCD pigs were randomly divided into 6 rooms of 14 pigs each. The rooms were randomly assigned 1 of 5 treatments ( Table 2 ). The treatments consisted of intranasal inoculation with 10 5.7 TCID 50 of 1 of 4 (VR2385, ISU-984, ISU-22, VR2431) plaque-purified PRRSV isolates or with uninfected cell culture and medium. The sixth group served as the control. Pigs in both experiments were inoculated intranasally by sitting the pig on its buttocks perpendicular to the floor and extending the neck fully back. The inoculum was slowly dripped into both nostrils, taking approximately 2-3 min per pig.
A clinical respiratory disease score was given from -2 days postinoculation (DPI) through + 28 DPI. Scores ranged from 0 to 6:0 = normal; 1 = mild dyspnea and/or tachypnea when stressed; 2 = mild dyspnea and/or tachypnea when at rest; 3 = moderate dyspnea and/or tachypnea when stressed; 4 = moderate dyspnea and/or tachypnea when at rest; 5 = severe dyspnea and/or tachypnea when stressed; 6 = severe dyspnea and/or tachypnea when at rest. Stress was induced daily by the pig handler by holding the pig under his arm and taking the rectal temperature for approximately 30-60 sec. Other relevant clinical observations such as coughing, diarrhea, inappetence, or lethargy were noted separately as observed and had no impact on the clinical respiratory score. Rectal temperatures were recorded daily from -2 DPI though + 14 DPI. Two pigs from each group were euthanized and necropsied at 3, 7, 10, or 21 DPI. Three pigs were necropsied from each group at 28 DPI and 3 more at 36 DPI (Table 2) . Experiment 2. The second experiment was designed to collect data from a larger number of pigs necropsied at 10 DPI for statistical analysis. In this experiment, 105 4-wk-old crossbred CDCD pigs were randomly divided into 7 rooms with 15 pigs each ( Table 2) . Each room was randomly assigned a treatment. Treatments consisted of intranasal challenge with 10 5.8 TCID 5.8 of 1 of 6 plaque-purified PRRSV isolates (ISU-51, ISU-79, ISU-55, ISU-1894, ISU-28, VR2385) or ATCC CRL-11171 uninfected cell culture and medium. Ten pigs from each group were euthanized and necropsied at 10 DPI, and the remaining 5 pigs from each group were euthanized and necropsied at 28 DPI. Rectal temperatures were recorded from -2 DPI to + 10 DPI. Clinical respiratory disease scores and other clinical signs were recorded as in experiment 1.
Serology by indirect immunofluorescence
The cell line ATCC CRL-11171 was also used for the indirect immunofluorescence assay (IFA). Medium was decanted from ATCC CRL-11171 cells growing in 75-cm 2 flasks, the monolayers were trypsinized, and cells were resuspended in 150 ml of Dulbecco's modified Eagle medium (DMEM) plus 10% fetal bovine serum (FBS). Slides with 8 chambers (Lab-Tek Chamber) were seeded with 0.05 ml of cell suspension per chamber, with a suspension density that would result in optimum virus growth and reproducible plaque numbers with a given virus dilution. Monolayers of cells in chambers were infected with 0.05 ml of PRRSV isolate VR2385 diluted with growth medium to a concentration that would result in 15-20 infected foci per field of view when the cells were stained. Incubation for 24 hr resulted in most plaques having the optimum size of 1 to several cells. The chamber walls, but not the gaskets, were removed from the slides. The cells were fixed for 10 min in a cold solution containing 80% acetone and 20% methanol. To run a screening test, sera to be tested plus suitable controls were diluted 1:20 in phosphate-buffered saline (PBS), and 50 µl was spread onto a chamber area. Slides were incubated for 30 min in a humidified 37 C incubator and then washed 3 times for 5 min each in PBS. An aliquot of suitably diluted goat-origin fluorescein isothiocyanate (FITC)-conjugated anti-porcine antiserum was spread on each chamber and incubated for 30 min at 37 C. The conjugate was shaken off and the slide was washed in PBS 3 times for 5 min each, dipped in distilled water, shaken, and allowed to air dry. In test interpretation by fluorescence microscopy, sera positive for antibodies had numerous fluorescing plaques, whereas negative sera had no plaques. Weakly positive and positive sera had similar numbers of fluorescing plaques, but in the weakly positive samples the fluorescence was less intense.
In experiment 1, sera for testing were collected at 0, 10, and 28 DPI. In experiment 2, sera for testing were collected at 0, 3, 10, 16, and 28 DPI.
Virus isolation
The ATCC CRL-11171 cell line was used to isolate PRRSV from tissue suspensions and serum. Stock cultures were split at a ratio of ≥ 1:3 and cultured in DMEM plus 10% FBS in 25-cm 2 flasks. Incubation before and after inoculation was at 37 C. A 20-30% tissue suspension was prepared in cell culture medium and then centrifuged (1,800 x g) for 15 min.
Some of the supernatant fluid was drawn into a syringe, and 1-2 ml was delivered into the flask through a syringe filter (0.45 µm). Gentamicin (75 µg/ml), penicillin G (250 units/ ml), streptomycin (200 µg/ml), and amphotericin B (3 µg/ ml) were added to isolation medium. Inoculated flasks were incubated overnight, and the medium was discarded. Fresh maintenance medium containing 2% FBS was added to each flask. The flasks were incubated for 7 days and were checked usually every other day for cytopathic effect (CPE). PRRSVinduced CPE was characterized as foci of rounded cells that would become more widespread and detach in 3-5 days.
Cultures showing CPE were subpassaged to a new flask and to an 8-chambered slide as described above. Flasks without CPE after 7 days were frozen and thawed 3 times, and 1-2 ml of medium and cells were used to infect a new flask. Second passage cultures were incubated and observed for 7 days as before. Monolayers were stained with an anti-PRRSV monoclonal antibody SDOW-17 27 and FITC-conjugated antimouse immunoglobulin and then viewed with a fluorescence microscope for evidence of specific viral antigens.
In experiment 1, virus isolation was attempted from lung homogenates of individual pigs euthanized at 3, 7, 10, 21, or 28 DPI. In experiment 2, virus isolation was attempted from sera of all pigs individually at 28 DPI and in 2-pig pools at 10 DPI.
Gross pathology
Complete necropsies were performed on all pigs. All organ systems were examined. An estimated percentage of the lung with grossly visible pneumonia was recorded for each pig based on a previously described scoring system. 14, 16, 17 Each lung lobe was assigned a number to reflect the approximate volume or percentage of the entire lung represented by that lobe. Ten possible points each were assigned to the right cranial lobe, right middle lobe, cranial part of the left cranial Results lobe was assigned 5 points. The right and left caudal lobes were each assigned 27.5 points to reach a total of 100 points
Clinical disease
representing the entire (100%) lung. Gross lung lesion scores Experiment 1. Respiratory disease scores are sumwere estimated, and a score was given to reflect the amount of pneumonia in each lobe. The total for all the lobes was marized in Table 3 . Respiratory disease in the VR2385 an estimate of the percentage of the entire lung with grossly group was characterized by labored and accentuated visible pneumonia. Other lesions were noted separately and abdominal respiration and tachypnea from 3 to 21 had no effect on gross lung lesion scores. DPI. Coughing was not detected. When handling the pigs to collect rectal temperature data, they often de-
Microscopic pathology
Sections for histopathologic examination were taken from all lung lobes and from nasal turbinates, cerebrum, thalamus, hypothalamus, pituitary gland, brain stem, choroid plexus, cerebellum, heart, pancreas, ileum, tonsil, mediastinal lymph node, middle iliac lymph node, mesenteric lymph node, thymus, liver, kidney, and adrenal gland. Tissues were fixed in 10% neutral buffered formalin for 1-7 days and routinely processed into paraffin blocks in an automated tissue processor. Sections were cut at 6 µm and stained with hematoxylin and eosin (HE).
Lung sections were blindly examined and given an estimated score of the severity of the interstitial pneumonia: 0 = no microscopic lesions; 1 = mild interstitial pneumonia; 2 = moderate multifocal interstitial pneumonia; 3 = moderate diffuse interstitial pneumonia; 4 = severe interstitial pneumonia.
Statistical analysis
The VR2431-inoculated pigs generally had a slower onset, lower severity, and shorter duration of clinical respiratory disease. Mild to moderate clinical disease characterized by dyspnea and tachypnea was observed from 5 to 13 DPI. The VR2431 pigs appeared to be completely recovered by 14 DPI. veloped patchy dermal cyanosis that persisted for 5-10 minutes. The pigs were lethargic by 3 DPI and were anorexic from 5 to 14 DPI. Chemosis was noted in several pigs from 6 to 10 DPI. The ISU-22-inoculated pigs experienced clinical respiratory disease similar to that of the VR2385 pigs, however, onset was later (5 DPI) and duration longer (28 DPI) than for the VR2385 group. ISU-984-inoculated pigs experienced moderate to severe respiratory disease from 4 to 21 DPI. Pigs in the ISU-22 and ISU-984 groups experienced lethargy, chemosis, and dermal cyanosis similar to that of the VR2385 groups. Experiment 2. Clinical respiratory disease scores are summarized in Table 3 . A few of the ISU-51 -inoculated pigs had very mild transient respiratory disease from 7 to 21 DPI. Most pigs in this group appeared essentially normal throughout the 36 days. The ISU-55 isolate induced mild dyspnea, tachypnea, lethargy, and anorexia from 4 to 10 DPI. The ISU-1894 isolate induced early (5-8 DPI), moderate respiratory disease of short duration, and the infected pigs generally recovered by 12 DPI. The ISU-79 isolate induced moderate to severe dyspnea, tachypnea, lethargy, and anorexia from 4 to 15 DPI. The ISU-28 isolate induced severe respiratory disease similar to that induced by the ISU-79 isolate but with later onset (5 DPI) and shorter duration. The VR2385 isolate induced moderate tachypnea and dyspnea of long duration (4-28 DPI). The pigs in this group were also moderately lethargic and anorexic during that time period. Pigs in three groups (VR2385, ISU-79, ISU-28) frequently exhibited transient, patchy, blue-purple discoloration of the skin when stressed by handling. Control pigs remained. normal throughout the 36 days.
Duncan's multiple range test was used for analysis of rectal temperature data collected from 0 to 10 DPI. There were significant differences (P ≤ 0.0001) in mean rectal temperatures between the groups. Pigs inoculated with the ISU-79 and ISU-28 isolates had significantly higher mean rectal temperatures (40.1 C and 40 C, respectively) than did pigs from all other groups. Mean rectal temperatures of the pigs inoculated with isolates ISU-1894 (39.9 C), ISU-55 (39.9 C), and VR2385 (39.7 C) were significantly higher than the rectal temperatures of pigs inoculated with isolate ISU-51 (39.6 C) or those of the controls (39.5 C). Mean rectal temperatures of the control pigs were significantly lower than the temperatures for all other groups.
Gross lesions Experiment 1. scored and estimated as percentage of the lung with grossly visible pneumonia (Table 4 ). The percentage of the lung affected by pneumonia ranged from 7.3% ± 8.0% (ISU-984) to 26.5% ± 2.3% (ISU-22) at 3 DPI, 20% ± 9.5% (VR2431) to 35.5% ± 1.5% (VR2385) at 7 DPI, 10.5% ± 7.0% (VR2431) to 77.5% ± 2.5% (VR2385) at 10 DPI, 0% (VR2431) to 36.5% ± 5.0% (ISU-22) at 21 DPI, and 0% (VR2431, VR2385) to 11% ± 8.5% (ISU-22) at 28 DPI. Gross lung lesions were undetectable in all groups at 36 DPI. No gross lung lesions were observed at any time in the control group. Pneumonia primarily affected the cranial, middle, and accessory lobes and the ventromedial portion of the caudal lung lobes. The affected lungs often failed to collapse and the parenchyma was more firm and heavy than that of the control pig lungs. Affected lobes were mottled-tan or diffusely tan in color, as compared with the more pink color of the lungs of control pigs. Cross sections of the affected lobes revealed the multifocal and sometimes lobular nature of the pneumonia. No exudate could be expressed from airways of affected lungs.
Pigs in all principal groups had generalized lymphadenopathy from 5 to 28 DPI. Lymph nodes were 3-10 times normal size, tan in color, and slightly edematous and sometimes contained multiple 2-5-mm fluid-filled spaces. Table 4 . Mean scores at 10 DPI ranged from 16.7% ± 2.8% for isolate ISU-51 to 62.4% ± 5.7% for isolate ISU-28. By 28 DPI, the mean gross lung scores ranged from 8.6% ± 4.5% for isolate ISU-28 to 46.6% ± 11.1% for isolate ISU-1894. Gross lung lesions (Figs. 1, 2 ) were similar to those in experiment 1. All principal pigs had moderately enlarged, tan, and slightly edematous lymph nodes at 10 and 28 DPI.
Gross lung lesion scores were significantly different at 10 (P ≤ 0.0001) and 28 (P ≤ 0.0001) DPI. At 10 DPI, there were no significant differences among the gross lung lesions induced by ISU-28, VR2385, and ISU-79 isolates. These 3 isolates all induced significantly more severe (P < 0.0005) gross lung lesions than did the other 3 isolates (ISU-1894, ISU-55, ISU-51). There was no significant difference between lesions induced by isolates ISU-1894 and ISU-55 at 10 DPI. Lesions induced by isolate ISU-1894 were significantly more severe (P < 0.05) than those induced by isolate ISU-51 at 10 DPI. Lesions induced by isolates ISU-55 and ISU-51 were similar in severity; however, lungs from both groups of pigs were significantly different (P < 0.001) from those of controls. Isolates VR2385, ISU- Figure 2 . Dorsal surface of a lung from a 5-week-old CDCD pig inoculated 10 days previously with PRRSV isolate VR2385. There is extensive dark-tan discoloration affecting more than 80% of the lung. 79, and ISU-1894 induced significantly (P < 0.05) more severe gross lung lesions than were detected in controls at 28 DPI.
Microscopic lesions
Experiment 1. Lesions were observed in the lung and lymph nodes of all principal pigs. The type and severity of pneumonia in pigs inoculated with VR2385, ISU-22, and ISU-984 were similar. Pneumonia was characterized by three major changes: 1) type 2 pneumocyte hypertrophy and hyperplasia, 2) septal thickening with mononuclear cells, and 3) alveolar exudate consisting primarily of macrophages, necrotic debris, and frequently multinucleated cells (Fig. 3) . The lesions were often multifocal in distribution and generally were not associated with bronchioles. Bronchial and bronchiolar epithelium was normal. Pneumonia was mild by 4 DPI, severe at 10 DPI, moderate at 21 DPI, and mild by 28 DPI.
The VR2431 -inoculated group had mild patchy interstitial pneumonia characterized predominately by septal thickening with mononuclear cells from 3 to 28 DPI. Alveolar exudate and pneumocyte hypertrophy were minimal.
Lymph nodes from pigs of all principal groups were hyperplastic and focally necrotic from 7 to 28 DPI. Follicles were expanded with lymphoblasts and tin- gible-body macrophages. Vacuolated (or necrotic) and pyknotic cells were commonly observed within follicles and less often in the perifollicular regions. Perifollicular regions were expanded by a mixed mononuclear cell population. 0.05) more severe microscopic lesions than observed in the control pigs. Experiment 2. The number of pigs with pneumonia, rhinitis, myocarditis, and encephalitis in each group is summarized in Table 5 . Pneumonia was observed at 10 and 28 DPI in all principal pigs. Microscopic lung lesion scores are also given in Table 5 . The pneumonia lesions induced by the different isolates were similar in type but differed in severity. All isolates induced mild to severe multifocal proliferative and histiocytic interstitial pneumonia. The major features were type 2 pneumocyte hypertrophy and hyperplasia, septal infiltration by mononuclear cells, and accumulation of necrotic debris and macrophages in alveolar spaces. Lesions were generally more severe at 10 DPI but persisted until 28 DPI in all groups.
Mild to moderate multifocal lymphohistiocytic rhinitis was observed at 10 and 28 DPI in all groups (Table  5 ). Patchy loss of cilia and swelling and vacuolation of the turbinate epithelium was seen. Numbers of leukocytes were increased within the turbinate epithelium. Lymphohistiocytic and mild suppurative inflammation and edema were present in the submucosa. The ISU-1894-inoculated group had the most pigs (12/15) with rhinitis, whereas the ISU-51-inoculated group had the least (1/15).
Myocarditis was seen at 10 and 28 DPI in all principal groups except the ISU-51-inoculated group (Ta-There were significant differences in microscopic lung lesion scores between the groups at 10 (P < 0.001) and 28 (P < 0.05) DPI. The microscopic lung lesions induced by isolates VR2385, ISU-28, and ISU-79 were significantly (P < 0.01) more severe than those induced by isolates ISU-1894, ISU-55, and ISU-51 and those of the controls. There were no significant differences among the microscopic lung lesion scores induced by isolates ISU-1894, ISU-55, and ISU-51; however, all three isolates induced significantly more severe lesions than were observed in the controls. There were no differences among any of the principal groups at 28 ble 5). When present, the myocarditis was characterized by mild to moderate multifocal lymphoplasmocytic and histiocytic inflammation. Inflammation was most consistently seen in the endocardium and particularly around vessels.
Where present, the encephalitis in all groups was characterized by mild to moderate gliosis and lymphohistiocytic perivascular cuffing at 10 and 28 DPI. Only 2 of 15 pigs in the ISU-51-inoculated group had encephalitis. One control pig had very mild lymphocytic perivascular cuffing.
Lymphadenopathy was consistently seen at 10 and 28 DPI in all principal pigs. Follicles were markedly hypertrophic and hyperplastic at 10 and 28 DPI. Moderate numbers of individual and clusters of necrotic macrophage-like cells were seen within follicles at 10 DPI. Perifollicular regions were expanded by lymphocytes, plasma cells, and macrophages at 10 and 28 DPI.
Virus isolation
Experiment 1. PRRSV isolation was attempted only from the lungs. PRRSV was recovered from the lungs of 9 of 11 VR2385-, 9 of 11 ISU-22-, 6 of 11 ISU-984-, and 9 of 11 VR2431-inoculated pigs, 0 of 11 cell culture controls, and 0 of 11 uninoculated controls from 3 to 28 DPI. Virus was recovered from the lungs of every pig necropsied at 3, 7, and 10 DPI in 3 of the groups (VR2385, ISU-22, ISU-984) and from 5 of 6 of the VR2431-inoculated pigs. Virus isolation was not attempted at 36 DPI. Experiment 2. PRRSV isolation was attempted from pooled serum samples of 2-pig pools at 10 DPI and from individual pigs at 28 DPI. PRRSV was recovered from 5 of 5 serum pools of VR2385-, 5 of 5 of ISU-28-, 3 of 5 of ISU-79-, 5 of 5 of ISU-1894-, 5 of 5 of ISU-55-, and 4 of 5 of ISU-51-inoculated pigs at 10 DPI. PRRSV was not recovered from the serum of any pigs at 28 DPI or from controls at 10 DPI. Serology Experiment 1. All pigs were negative (IFA < 1:20) for PRRSV serum antibodies at 0 DPI. Control pigs remained negative through 28 days. All principal pigs had PRRSV serum antibody titers from 1:320 to ≥ 1: 2,560 by 10 DPI. By 28 DPI, the PRRSV serum antibody titers of principal pigs ranged from 1:1,280 to ≥ 1:2,560. Experiment 2. All control pigs remained negative for PRRSV serum antibodies. VR2385 serum antibody titers at 10 DPI ranged from 1:320 to ≥ 1:2,560. ISU-28 serum antibody titers ranged from 1:80 to ≥ 1: 2,560 at 10 DPI. ISU-55-and ISU-51-inoculated pigs had serum PRRSV antibody titers at 10 DPI that ranged from 1:640 to 1:1,280. ISU-79-and ISU-1894-inoculated pigs had titers of 1:1,280 to ≥ 1:2,560 at 10 DPI.
At 28 DPI, VR2385-inoculated pigs had titers of 1:640 to 1:1,280. ISU-28 inoculated pigs had titers of 1:640 to ≥ 1:2,560, whereas those inoculated with isolate ISU-79 had titers of 1: 1,280 to ≥ 1:2,560. ISU-1894-inoculated pigs had titers of 1:320 to ≥ 1:2,560. ISU-55-inoculated pigs had titers of 1:320 to ≥ 1:2,560, and those inoculated with isolate ISU-51 had titers of 1:160 to 1:1,280.
Discussion
Crossbred 5-week-old CDCD pigs inoculated intranasally with 10 5.8 TCID 50 of PRRSV provide an excellent model to study and compare PRRSV-induced respiratory and systemic disease. Using this model, we found significant differences in pathogenicity among US PRRSV isolates that originated from herds with varying disease severity. The severity of experimentally reproduced clinical disease and lesions generally mimicked that observed in the herd of origin. An exception was the ISU-1894 isolate. The herd from which this isolate originated experienced very severe enzootic respiratory disease in 3-8-week-old pigs. We were successful in reproducing only mild to moderate respiratory disease and lesions with this isolate. The difference may be due to concurrent infection of pigs in this herd with porcine respiratory coronavirus (PRCV), which was simultaneously isolated from several pigs. Some PRCV isolates can induce pneumonia by themselves 19,21 and can enhance PRRSV-induced respiratory disease. 48 A similar synergistic effect has been demonstrated with PRRSV and swine influenza vims 27, 48 or PRRSV and Streptococcus suis. 10,11 Concurrent infections probably are common and play an important role in expression of PRRSV-associated disease. Production styles such as continuous pig flow, all-in-all-out pig flow, and segregated early weaning impact the types of concurrent infections likely to occur in swine herds. 8 Mottled-tan lungs that fail to collapse and enlarged tan lymph nodes are characteristic gross lesions of natural or experimental PRRSV infection. All 9 of the PRRSV isolates used in this study induced similar lymphadenopathy. Obvious differences were apparent in the severity of the gross lung lesions, which generally correlated well with severity of clinical disease. Others have been less successful in reproduction of PRRSVinduced gross lung lesions, 6, 11, 29, 39, 43, 52 possibly because of inherent virus properties, virus attenuation during propagation on different cell lines or macrophages, or the increased sensitivity of our CDCD pig model. Gross lung lesions in CDCD pigs appear to be an excellent parameter for comparing virulence and possibly measuring the success of protection from vaccination. Supportive histopathology is useful and necessary because PRRSV-induced microscopic lesions are unique and may be detected when gross lesions are absent.
The microscopic lesions produced in these pigs were similar to those described by others. 6, 11, 29, 39, [43] [44] [45] 52, 55 Proliferative interstitial pneumonia and hyperplastic focally necrotizing lymphadenopathy were characteristic lesions induced by all 9 PRRSV isolates in this study. Myocarditis, encephalitis, and rhinitis were less consistently produced lesions. Some isolates were more likely to induce rhinitis (ISU-1894), encephalitis (VR2385, ISU-28), and myocarditis (ISU-28, ISU-79) than others.
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General categorization of these 9 isolates into low (VR2431, ISU-55, ISU-51, ISU-1894) and high (VR2385, ISU-22, ISU-79, ISU-984) virulence groups should provide for meaningful comparison and analysis of genotypes. Considerable genetic analysis has already been completed, and differences between North American and European isolates are striking. 25, 31, 33, 34, 36 We have compared the pathogenicity of the European LV with that of 2 US strains (VR2385, VR2431) of PRRSV in CDCD pigs and found that VR2385 was much more virulent than LV or VR2431. 16,17 A 96-100% amino acid sequence homology has been reported for the putative membrane protein (ORF6) and nucleocapsid protein (ORF7) genes of US and Canadian PRRSV isolates; however, the amino acid sequences were quite different from those of European PRRSV isolates. 33, 34 Nucleotide sequence analysis of the 3'-terminal region of the genome of a Quebec reference strain (IAF-exp91) of PRRSV revealed major differences between those sequences and those of nucleocapsid protein genes of prototype European strains. 31 The IAF-exp91 strain showed identities of 63% and 59% with that of LV at the nucleotide and amino acid levels, respectively. As molecular genetic research continues at a rapid pace, perhaps correlation between PRRSV virulence characteristics and genotype will be established. 5.
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